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Description

[0001] The present invention relates to an image
processing apparatus that generates a stereo image data
set from a pair of image data sets obtained by photogra-
phy of a subject from two viewpoints. More specifically,
the present invention relates to an image processing
method for the case where a pair of image data sets used
to generate a stereo image data set represents colour
images.

[0002] Recently, image processing apparatuses have
been proposed for generating a stereo image data set
from a pair of image data sets obtained by photography
of a subject from two viewpoints. Methods adopting ster-
eo matching have also been known as a method of gen-
erating a stereo image data set. In stereo matching, a
three-dimensional shape of a subject is estimated by
identifying corresponding points that are common to a
pair of image data sets obtained in photography and by
calculating distances to the corresponding points accord-
ing to triangulation.

[0003] An image processing apparatus using stereo
matching is known as an image processing apparatus
that enables highly reliable stereo image data calculation
(see US 7065245). In this apparatus, colourimages each
comprising grayscale images of a plurality of colours are
used as a pair of image data sets, and a parallax in each
of the colours is calculated by carrying out stereo match-
ing on the grayscale images of the same colour. A total
parallax is then calculated by a blending process using
a product-sum operation based on a colour of a target in
eachimage region, to enable highly reliable stereo image
data calculation.

[0004] Furthermore, another image processing appa-
ratus aiming for improvement in distance detection ac-
curacy has also been proposed (see Japanese Unexam-
ined Patent Publication No. 2005-346393). In this appa-
ratus, colour images are used in a manner similar to that
by the apparatus described above, and a degree of
matching is calculated for each colour between a prede-
termined region in one of image data sets and each re-
gioninthe otherimage data set. The degrees of matching
are combined to find a total degree of matching, and a
parallax is calculated based on the total degree of match-
ing. In this manner, accuracy in distance detection can
be improved.

[0005] However, in the image processing apparatus
described in US 7065245, the time necessary for calcu-
lating the distance becomes longer, since the distance
is calculated for the grayscale images of each colour. In
the image processing apparatus described in Japanese
Unexamined Patent Publication No. 2005-346393, the
time necessary for distance calculation is also long, since
the images of all the colours are used for the parallax
calculation.

[0006] The present invention has been conceived
based on consideration of the above circumstances, and
an object of at least the preferred embodiments of the
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present invention is to provide an image processing ap-
paratus, an image processing method, and a program
that enable fast and accurate acquisition of distance data
based on colour images.

[0007] Animage processing apparatus according to a
first aspect of the present invention is an image process-
ing apparatus that generates a stereo image data set by
calculating a distance to a subject according to a pair of
image data sets each comprising grayscale images of a
plurality of colours and obtained by photographing the
subject from two viewpoints, and the apparatus compris-
es:

image input means for inputting the pair of image
data sets;

selection means for selecting the grayscale image
of one of the colours that is most appropriate for cal-
culating the distance to the subject among the gray-
scale images of the plurality of colours constituting
at least one of the inputted image data sets; and
distance calculation means for calculating the dis-
tance, based on the grayscale image of the colour
selected by the selection means and the grayscale
image of the colour in the other image data set.

[0008] In the image processing apparatus of the
present invention, the selection means may calculate a
difference between a maximum intensity level gray level
and a minimum intensity level in each of the grayscale
images of the colours so that the selection means can
select the grayscale image having a largest value of the
intensity level difference.

[0009] In the image processing apparatus of the
presentinvention, the selection means may calculate the
number of pixels having predetermined intensity levels
at predetermined intervals in each of the grayscale im-
ages ofthe colours so that the selection means can select
the grayscale image having a largest number of the pixels
having been calculated.

[0010] In the image processing apparatus of the
present invention, the selection means may extract an
edge in each of the grayscale images of the colours and
calculate the number of pixels of the extracted edge. In
this case, the selection means can select the grayscale
image having a largest number of the pixels having been
calculated.

[0011] Furthermore, the selection means in the image
processing apparatus of the present invention may cal-
culate the number of the pixels in each pixel row or pixel
column at predetermined intervals.

[0012] Moreover, the selection means in the image
processing apparatus of the present invention may ex-
tract an edge in each of the grayscale images of the col-
ours and calculate how many times pixel rows or pixel
columns at predetermined intervals intersect with the
edge. The selection means in this case can select the
grayscale image having a largest number of the times.

[0013] In the image processing apparatus of the
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present invention, the image input means may comprise
two cameras.

[0014] Alternatively, the image input means in the im-
age processing apparatus of the present invention may
comprise a multiple-lens camera having two optical sys-
tems.

[0015] Inthis case, itis preferable for the multiple-lens
camera to have imaging systems of multiple-plane con-
figuration. The multiple-plane configuration refers to a
configuration wherein a plurality of optical systems are
installed and a plurality of imaging devices corresponding
to an optical axis of each of the systems are also posi-
tioned. In the multiple-plane configuration, signal
processing is carried out on signals outputted from the
respective imaging devices, and one final signal of a pho-
tographed image is outputted from each of the systems.
[0016] Animage processing method of the present in-
vention is an image processing method that generates a
stereo image data set by calculating a distance to a sub-
ject according to a pair of image data sets each compris-
ing grayscale images of a plurality of colours and ob-
tained by photographing the subject from two viewpoints,
and the method comprises the steps of:

inputting the pair of image data sets;

selecting the grayscale image of one of the colours
that is most appropriate for calculating the distance
to the subject among the grayscale images of the
plurality of colours constituting at least one of the
inputted image data sets; and

calculating the distance, based on the grayscale im-
age of the selected colour and the grayscale image
of the colour in the other image data set.

[0017] An image processing program of the present
invention is an image processing program that causes a
computer to execute generation of a stereo image data
set by calculating a distance to a subject according to a
pair of image data sets each comprising grayscale im-
ages of a plurality of colours and obtained by photograph-
ing the subject from two viewpoints, and the program
comprises the procedures of:

inputting the pair of image data sets;

selecting the grayscale image of one of the colours
that is most appropriate for calculating the distance
to the subject among the grayscale images of the
plurality of colours constituting at least one of the
inputted image data sets; and

calculating the distance, based on the grayscale im-
age of the selected colour and the grayscale image
of the colour in the other image data set.

[0018] According to the image processing apparatus,
the image processing method, and the program of the
present invention, the grayscale image of one of the col-
ours that is most appropriate for calculation of the dis-
tance is selected from the grayscale images of the plu-
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rality of colours in at least one of the image data sets
inputted as the pair, and the distance is calculated from
the grayscale image of the selected colour and the cor-
responding grayscale image in the other image data set.
Therefore, by calculating the distance from the grayscale
images of only one of the colours that is most appropriate
for the calculation, the distance data can be calculated
with high accuracy, and the time necessary for the cal-
culation can be shortened.

[0019] Preferred embodiments of the invention will
now be described by way of example only and with ref-
erence to the accompanying drawings, in which:

Figure 1 is a block diagram showing the functional
configuration of an image processing apparatus of
a first embodiment of the present invention;

Figure 2 is a flow chart showing a flow of image
processingin the image processing apparatusin Fig-
ure 1;

Figure 3 is a flow chart showing firstimage selection
processing by an image selection unit;

Figure 4A is a flow chart showing second image se-
lection processing by the image selection unit;
Figure 4B is a flow chart showing counting process-
ing;

Figure 5 shows an example of intensity level distri-
butioninagrayscale image and a method of counting
pixels therein;

Figure 6 shows another example of intensity level
distribution in a grayscale image and a method of
counting pixels therein;

Figure 7 is a flow chart showing third image selection
processing by the image selection unit;

Figure 8 shows an example of a colour image;
Figure 9 is a flow chart showing fourth image selec-
tion processing by the image selection unit;

Figure 10 shows an example of counting the num-
bers of times of edge intersection in grayscale im-
ages wherein edges have been extracted,;

Figure 11 is a block diagram showing the functional
configuration of an image processing apparatus of
a second embodiment of the present invention;
Figure 12 is a flow chart showing a flow of image
processing by the image processing apparatus in
Figure 11;

Figure 13A is a flow chart showing a part of first re-
gion division and image selection processing (part
1);

Figure 13B is a flow chart showing another part of
the first region division and image selection process-
ing (part 2);

Figure 13C is a flow chart showing still another part
of the first region division and image selection
processing (part 3);

Figure 13D is a flow chart showing yet another part
of the first region division and image selection
processing (part 4);

Figure 14 shows an example of a region division and
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image selection method carried out by a region divi-
sion unit and an image selection unit;

Figure 15A is a flow chart showing a part of second
region division and image selection processing (part
1)

Figure 15B is a flow chart showing another part of
the second region division and image selection
processing (part 2);

Figure 15C is a flow chart showing still another part
of the second region division and image selection
processing (part 3);

Figure 15D is a flow chart showing yet another part
of the second region division and image selection
processing (part 4);

Figure 16 is a block diagram showing the functional
configuration of an image processing apparatus of
a third embodiment of the present invention;

Figure 17 is a flow chart showing a flow of image
processing by the image processing apparatus in
Figure 16;

Figure 18 is a block diagram showing the functional
configuration of an image processing apparatus of
a fourth embodiment of the present invention;
Figure 19 is a flow chart showing a flow of image
processing by the image processing apparatus in
Figure 18;

Figure 20 is a block diagram showing an example of
the configuration of an image input unit; and
Figure 21 is a block diagram showing another exam-
ple of the configuration of the image input unit.

[0020] Hereinafter, embodiments of the presentinven-
tion will be described with reference to the accompanying
drawings. Figure 1 is a block diagram showing the func-
tional configuration of an image processing apparatus 1
as a first embodiment of the present invention. As shown
in Figure 1, the image processing apparatus 1 in this
embodiment comprises an image input unit (image input
means) 10, an operation unit 11, a display control unit
12, a monitor 13, a reading unit 14, an image selection
unit (selection means) 15, a distance calculation unit (dis-
tance calculation means) 16, a data compression unit
17, amedia control unit 18, a recording medium (record-
ing means) 19, an internal memory 20, and the like, all
of which carry out transmission and reception of various
kinds of signals and data via a data bus 21.

[0021] Theimageinputunit1l0istoinputapairofimage
data sets representing a reference image A and a match-
ing image B both of which are colour images obtained
by photographing a subject from two different viewpoints
and comprise grayscale images of R, G, and B colours.
Either one of the image data sets can represent the ref-
erence image A. In addition, although the number of the
image data sets to be inputted is two in this embodiment,
a plurality of image data sets such as three or four image
data sets may be inputted as long as the data sets rep-
resent so-called parallax images obtained by photogra-
phy from different viewpoints. In this case, one of the
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image data sets represents the reference image A while
the remaining image data sets represent the matching
images B.

[0022] The operation unit 11 comprises an operation
mode switch, a Menu/OK button, an Up/Down lever,
Right and Left buttons, a Back button, a Display Change
button, a shutter release button, a power switch, and the
like. A user operates the operation unit 11 for various
kinds of setting.

[0023] The display control unit 12 can display on the
monitor 13 not only an image inputted by the image input
unit 10 but also a stereo image of the subject generated
according to distance data, that is, depth data to each
part of the subject calculated by the distance calculation
unit 16 as will be described later. In addition, the display
control unit 12 displays on the monitor 13 a stereo image
based on a stereo image data set recorded in the record-
ing medium 19 and read by the media control unit 18 as
will be described later.

[0024] The monitor 13 is to display a plane image or a
stereo image via the display control unit 12, as well as
various kinds of setting menus or the like that are oper-
able and set with use of the operation unit 11.

[0025] The reading unit 14 reads the grayscale images
of R, G, and B colours constituting the image data sets
inputted by the image input unit 10, and reads out all
values of pixels therein. The reading unit 14 obtains in-
formation such as intensity levels for all the pixels by
carrying out known conversion processing on the pixel
values having been read. In this embodiment, the inten-
sity levels are calculated from the pixel values having
been read. However, the pixel values themselves may
be used as the intensity levels.

[0026] Among grayscale images Ar, Ag, and Ab of the
three colours R, G, and B constituting the reference im-
age A corresponding to one of the image data sets read
by the reading unit 14 (hereinafter, the grayscale images
are simply referred to as R, G, and B grayscale images
as well), the image selection unit 15 selects the grayscale
image of one of the colours that is most appropriate for
distance calculation by the distance calculation unit 16.
How the grayscale image is selected by the image se-
lection unit 15 will be described later.

[0027] The distance calculation unit 16 calculates the
distance to each part of the subject according to the gray-
scale image of the colour selected by the image selection
unit 15 and the grayscale image of the same colour of
the matching image, that is, from a pair of the grayscale
images of the selected colour. Through correlation oper-
ations, the distance calculation unit 16 identifies so-called
corresponding points such as an edge or segment that
is common to the pair of grayscale images and can be
subjected to a known stereo matching method, and finds
a parallax based on information on positions of the cor-
responding points. The distance calculation unit 16 then
calculates the distance to the corresponding points, that
is, the distance to each part of the subject, according to
triangulation using the parallax.
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[0028] In order to detect the corresponding points, a
so-called area-based matching method or a so-called
feature-based matching method can be used, for exam-
ple. In area-based matching, a pixel block Wa comprising
pixels is calculated from the reference image A, and the
pixel block A is moved in the matching image B to calcu-
late a matching evaluation value (a correlation degree)
regarding a gray level pattern or the like. A block Wb
corresponding to the pixel block Wa is detected in the
matching image B in this manner. In feature-based
matching, feature points such as an edge or segment is
found in advance in the reference image A and in the
matching image B, and the corresponding points are de-
tected according to a correlation degree of the feature
points between the reference image A and the matching
image B. For calculation of a matching degree evaluation
value (the correlation degree), a known technique such
as asum of absolute values of differences between pixels
or a square sum of the differences can be used, for ex-
ample.

[0029] Sincethedistance calculation unit 16 calculates
the distance regarding the pair of grayscale images of
the selected colour, the time necessary therefor can be
shortened.

[0030] The data compression unit 17 compresses the
calculated distance data, and the compressed distance
data are recorded in the recording medium 19 via the
media control unit 18.

[0031] The media control unit 18 carries out reading
or writing of the distance data from or in the recording
medium 19.

[0032] The recording medium (recording means) 19 is
a recording medium that can store various kinds of data
such as the distance data, and comprises a magnetic or
optical recording medium or a semiconductor memory,
for example.

[0033] The internal memory 20 stores various kinds of
constants set in the image processing apparatus 1, pro-
grams, and the like, and also functions as a buffer mem-
ory for storing the image data sets inputted by the image
input unit 10 and the distance data calculated by the dis-
tance calculation unit 16, for example.

[0034] The configuration of the image processing ap-
paratus 1 in this embodiment has been described above.
The image processing carried out by the image process-
ing apparatus 1 will be described next. Figure 2 is a flow
chart showing a flow of the image processing carried out
by the image processing apparatus 1, and Figure 3 is a
flow chart showing image selection processing by the
image selection unit 15.

[0035] As shown in Figure 2, the image input unit 10
of the image processing apparatus in this embodiment
inputs the pair of image data sets, that is, the data rep-
resenting the reference image A and the matching image
B (Step S1), and thereading unit 14 reads the R grayscale
image Ar, the G grayscale image Ag, and the B grayscale
image Ab constituting the reference image A and an R
grayscale image Br, a G grayscale image Bg, and a B
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grayscale image Bb constituting the matching image B,
to read the pixel values such as the intensity levels (Step
S2).

[0036] The image selection unit 15 then carries out the
image selection processing for selecting the grayscale
image of one of the colours that is most appropriate for
the distance calculation by the distance calculation unit
16 from the grayscale images Ar, Ag, and Ab of R, G,
and B colours (Step S3).

[0037] As shown in Figure 3, in image selection
processing 1 carried out by the image selection unit 15,
a maximum intensity level and a minimum intensity level
are calculated for each of the grayscale images Ar, Ag,
and Ab of the R, G, and B colours of the reference image
A (Step S11), and differences Dr, Dg, and Db between
the maximum and minimum intensity levels therein are
calculated (Step S12).

[0038] The image selection unit 15 judges a largest
value among the intensity level difference values (Step
S13). In the case where the largest value has been
judged to be the intensity level difference Dr (Step S13;
Dr), the image selection unit 15 selects the R grayscale
image Ar (Step S14). In the case where the largest value
has been judged to be the intensity level difference Dg
(Step S13; Dg), the image selection unit 15 selects the
G grayscale image Ag (Step S15). In the case where the
largest value has been judged to be the intensity level
difference Db (Step S13; Db), the image selection unit
15 selects the B grayscale image Ab (Step S16). In this
manner, the image selection unit 15 carries out the image
selection processing 1.

[0039] A grayscale image having a large difference in
intensity levels generally has a higher possibility of hav-
ing a characteristic that is necessary for distance calcu-
lation than a grayscale image having a small difference
in intensity levels. In other words, the corresponding
points such as an edge used to calculate the distance
are points representing a sharp change in intensity levels,
thatis, points having a large difference in intensity values.
Therefore, a grayscale image having a large difference
in intensity levels has a higher possibility of having inten-
sity level distribution of detectable corresponding points.
Consequently, by selecting the grayscale image having
alarge difference in the intensity levels in the above man-
ner, accuracy of detecting the corresponding points, that
is, accuracy of the subject can be improved, and the dis-
tance data can be obtained with high accuracy.

[0040] Theimage selection by the image selection unit
15 may adopt another method. Second image selection
processing 2 by the image selection unit 15 will be de-
scribed next. Figure 4A is a flow chart showing the second
image selection processing 2, and Figure 4B is a flow
chart showing counting processing. Figure 5 shows an
example of intensity level distribution and a pixel counting
method in a grayscale image while Figure 6 shows an-
other example of intensity level distribution and a pixel
counting method in a grayscale image.

[0041] Asshownin Figure 4A, the image selection unit
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15 detects pixels having predetermined intensity levels
C (such as L10, L20, L30, and so on) at predetermined
intervals such as every 10 values, in each of the gray-
scale images Ar, Ag, and Ab (Step S20). As shown in
Figure 5, in the detection of the pixels, judgment is made
as to whether an intensity level L of each of the pixels in
each of the grayscale images Ar, Ag, and Ab is one of
the predetermined levels C, and the pixels having the
predetermined levels C shown as hatched areas in Fig-
ure 5 are detected.

[0042] The image selection unit 15 then counts the
numbers of the pixels detected at Step S20 in the respec-
tive grayscale images Ar, Ag and Ab (the numbers are
denoted by Fr, Fg, and Fb), in the manner described be-
low (Step S21).

[0043] Inthe counting processing, as shown in Figure
4B, 0 is initially assigned to Fr to initialize Fr in the case
of the grayscale image Ar (Step S120), and 0 is assigned
to a to initialize a at a pixel at one end of each pixel row
(or pixel column) (Step S121). Whether any one of the
predetermined intensity levels C exists in the grayscale
image Ar is then judged at each of the pixels as a target
of processing (Step S122). If any one of the values C
exists (Step S122; YES), whether a = c is judged (Step
S123). If a is not ¢ (Step S123; NO), 1 is added to Fr
(Step S124), and c is assigned to a (Step S125). The
processing flow then goes to Step S126.

[0044] In the case where none of the predetermined
intensity levels C have been judged to exist at Step S122
(Step S122; NO), and in the case where a = c at Step
S123 (Step S123; YES), the processing flow also goes
to Step S126 to judge whether the processing target pixel
is located at a horizontal end (Step S126).

[0045] In the case where the pixel has been judged
not to be at a horizontal end (Step S126; NO), the target
of processing is moved in the horizontal direction by one
pixel (Step S127). The processing flow then returns to
Step S122, and the processing from Step S122 is repeat-
ed. In the case where the target pixel has been judged
to be located at a horizontal end (Step S126; YES),
whether the target pixel is located at a vertical end is
judged (Step S128).

[0046] In the case where the pixel has been judged
not to be located at a vertical end (Step S128; NO), the
target of processing is moved in the vertical direction by
one pixel (Step S129). The processing flow then returns
to Step S121 to repeat the processing therefrom. In the
case where the pixel has been judged to be located at a
vertical end (Step S128; YES), the counting processing
ends. The same counting processing is carried out for
the grayscale images Ag and Ab.

[0047] In the counting processing described above,
the pixels having the intensity levels C are counted as 2
for the first pixel row in the grayscale image shown in
Figure 5, for example. The number of the pixels in the
second to fifth pixel rows is counted as 1, 1, 1, and 1,
respectively. Therefore, the number of the pixels in the
grayscale image is 6 in total. The numbers Fr, Fg, and
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Fb of the pixels in the respective R, G, and B grayscale
images constituting the reference image A are counted
in this manner.

[0048] In this processing, the number of the pixels is
counted for each of the pixel rows. However, as long as
counting is carried out for all the pixels in the respective
grayscale images Ar, Ag, and Ab, the manner of counting
is not necessarily limited thereto, and can be changed
appropriately.

[0049] The image selection unit 15 judges which of the
numbers of the pixels having been counted is the largest
(Step S22). In the case where the largest number of the
pixels has been judged to be the number Fr (Step S22;
Fr), the image selection unit 15 selects the R grayscale
image Ar (Step S23). In the case where the largest
number of the pixels has been judged to be the number
Fg (Step S22; Fg), the image selection unit 15 selects
the G grayscale image Ag (Step S24). In the case where
the largest number of the pixels has been judged to be
the number Fb (Step S22; Fb), the image selection unit
15 selects the B grayscale image Ab (Step S25). In this
manner, the image selection unit 15 carries out the image
selection processing 2.

[0050] A grayscale image with frequent change in in-
tensity levels generally has a higher possibility of having
a characteristic that is necessary for distance calculation
than a grayscale image with little change in intensity lev-
els. In other words, corresponding points of an edge or
a region having a large intensity level gradient used for
distance calculation are points at which intensity levels
fluctuate. Therefore, a grayscale image having frequent
change in intensity levels has a higher possibility of hav-
ing intensity level distribution of detectable correspond-
ing points. Consequently, by selecting the grayscale im-
age having frequent change in intensity levels in the
above manner, accuracy of detecting the corresponding
points, that is, accuracy of the subject can be improved,
and the distance data can be obtained with high accura-
cy.

[0051] Inthe above embodiment, the pixels having the
predetermined intensity levels C are detected and count-
ed as the numbers Fr, Fg, and Fb regarding all the pixels
in the R, G, and B grayscale images Ar, AG, and Ab
constituting the reference image A. However, as shown
in Figure 6, the detection of the pixels having the prede-
termined intensity levels C may be carried out in pixel
rows at predetermined intervals such as every other pixel
row so that the numbers Fr, Fg, and Fb of the detected
pixels can be counted accordingly. In this case, as shown
in Figure 6, the number of the pixels in the first pixel row
is 2 while the number of the pixels in the third and fifth
rows is 1 and 1, respectively. Therefore, the number of
the pixels is 4 in total for the grayscale image.

[0052] Inthe case where the correlation operations be-
tween the reference image A and the matching image B
are carried out for each of the pixel rows by counting the
numbers Fr, Fg, and Fb of the pixels in the pixel rows at
the predetermined intervals, the grayscale image reflect-
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ing frequency of appearance of the pixels that can be
corresponding points can be selected, and the image se-
lection processing can be faster.

[0053] Third image selection processing 3 carried out
by the image selection unit 15 will be described below.
Figure 7 is a flow chart showing the third image selection
processing 3 by the image selection unit 15, and Figure
8 shows an example of a colour image.

[0054] As shown in Figure 7, the image selection unit
15 extracts edges (contours) in each of the R, G, and B
grayscale images Ar, Ag, and Ab constituting the refer-
ence image A (Step S30). For edge extraction, a gener-
ally used known method can be adopted.

[0055] Theimage selection unit 15 countsthe numbers
of pixels of the edges extracted at Step S30 for each of
the grayscale images Ar, Ag, and Ab, thatis, the numbers
of the pixels corresponding to the edges and denoted by
Er, Eg, and Eb, respectively (Step S31).

[0056] The image selection unit 15 judges a largest
number among the numbers of the counted pixels (Step
S32). In the case where the largest number has been
judged to be Er (Step S32; Er), the image selection unit
15 selects the R grayscale image Ar (Step S33). In the
case where the largest number has been judged to be
Eg (Step S32; Eg), the image selection unit 15 selects
the G grayscale image Ag (Step S34). In the case where
the largest number has been judged to be Eb (Step S32;
Eb), the image selection unit 15 selects the B grayscale
image Ab (Step S35). In this manner, the image selection
unit 15 carries out the image selection processing 3.
[0057] For example, in the case of a colour image P
having a red object Pr, a green object Pg, and a blue
object Pb whose sizes decrease in this order as shown
in Figure 8, if the numbers Er, Eg and Eb of the pixels
corresponding to edges are counted in each R, G, and
B grayscale image Pr, Pg, and Pb, the number Er in the
R grayscale image Pr is the largest. In other words, the
larger the number of the pixels is, the more the edges
have been extracted. Therefore, correlation becomes
higher at more pixels between the reference image A and
the matching image B, which enables easier detection
of the corresponding points. Therefore, by selecting the
grayscale image having the largest number of the pixels
corresponding to the edges in the above manner, accu-
racy of detection of the corresponding points, that is, ac-
curacy of the subject can be improved, and the distance
data can be obtained with high accuracy.

[0058] In this embodiment, the numbers Er, Eg, and
Eb of the pixels corresponding to the edges are counted
for all the pixels in each of the R, G, and B grayscale
images Ar, Ag, and Ab constituting the reference image
A. However, as in the second image selection process-
ing, the numbers Er, Eg, and Eb of the pixels may be
counted in pixel rows at predetermined intervals such as
at every other row as shown in Figure 6. In the case
where the correlation operations between the reference
image A and the matching image B are carried out for
each of the pixel rows after counting the numbers Er, Eg,
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and Eb of the pixelsin the pixel rows at the predetermined
intervals, the grayscale image reflecting the frequency
of appearance of the edgesthat can be the corresponding
points can be selected, and the image processing can
be carried out faster.

[0059] Fourthimage selection processing 4 carried out
by the image selection unit 15 will be described next.
Figure 9 is a flow chart showing the image selection
processing 4 by the image selection unit 15, and Figure
10 shows an example of counting the numbers of times
of edge intersection in a grayscale image wherein edges
have been extracted.

[0060] As shown in Figure 9, the image selection unit
15 extracts the edges (contours) regarding the R, G, and
B grayscaleimages Ar, Ag, and Ab of the reference image
A (Step S40). The edges are extracted by using a gen-
erally used known technique.

[0061] The image selection unit 15 then counts the
numbers of times of edge intersection (the numbers are
denoted by Nr, Ng, and Nb) in each of the grayscale
images Ar, Ag, and Ab (Step S41).

[0062] The numbers Nr, Ng, and Nb of the times of
edge intersection are counted in the same direction as
the direction of the correlation operations between the
reference image A and the matching image B at each
line at predetermined intervals, by judging at each of the
pixels whether each of the lines intersects with any one
or more of the edges. How many times the edges inter-
sect with the lines is counted as the numbers Nr, Ng, and
Nb.

[0063] Forexample, inthe case where the edges have
been extracted as shown in Figure 10, whether the edges
intersect is judged in the direction from left to right in
every predetermined number of pixel rows in Figure 10.
For the judgment, the grayscale image is binarized ac-
cording to a known method so as to cause the extracted
edges to be represented in black. Each of the edges is
judged to intersect once in the case where the colour
changes from white to black and then from black to white,
and 1 is added to the corresponding one of the numbers
of the times. In the example shown in Figure 10, the
number of the times is 4 in the uppermost pixel row, and
the number of the times is increased to 7, 10, and 11
toward the lower pixel rows. The number of the times is
then 11 in the grayscale image shown in Figure 10. In
this manner, the numbers Nr, Ng, and Nb of the times
are counted.

[0064] Asshownin Figure 9, after the numbers Nr, Ng,
and Nb of the times are counted (Step S41), the image
selection unit 15 judges which of the numbers of the times
is the largest (Step S42). In the case where the number
Nr has been judged to be the largest (Step S42; Nr), the
image selection unit 15 selects the R grayscale image
Ar (Step S43). In the case where the number Ng has
been judged to be the largest (Step S42; Ng), the image
selection unit 15 selects the G grayscale image Ag (Step
S44). In the case where the number Nb has been judged
to be the largest (Step S42; Nb), the image selection unit
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15 selects the B grayscale image Ab (Step S45). In this
manner, the image selection unit 15 carries out the image
selection processing 4.

[0065] Inthe case where the number of the extracted
edges is large, a possibility generally becomes higher
regarding existence of the pixels that can be correspond-
ing points between the reference image A and the match-
ing image B at the time of stereo matching, and the cor-
relation operations thereof become easier. Therefore, by
selecting the grayscale image wherein the edges inter-
sect most frequently, that is, by selecting the grayscale
image wherein the number of the edges that can be the
corresponding pointsis the largest, accuracy of detection
of the corresponding points, that is, accuracy of the sub-
ject can be improved and the distance data can be ob-
tained with high accuracy. At the same time, the gray-
scale image reflecting the frequency of appearance of
the edges as potential corresponding points can be se-
lected.

[0066] As shown in Figure 2, after the image selection
unit 15 has selected the grayscale image of one of the
colours (Step S3), the distance calculation unit 16 calcu-
lates the distance to each part of the subject as has been
described above, based on the grayscale image of the
selected colour of the reference image A and the corre-
sponding grayscale image of the matching image B (Step
S4).

[0067] Once the distance calculation unit 16 has cal-
culated and obtained the distance data (Step S4), the
data compression unit 17 compresses the calculated dis-
tance data, and the media control unit 18 records the
compressed distance datain the recording medium (Step
S5), to end the image processing by the image process-
ing apparatus 1.

[0068] As has been described above, according to the
image processing apparatus 1 in the above embodiment,
the grayscale image of the colour that is most appropriate
for the distance calculation is selected from the R, G, and
B grayscale images Ar, Ag, and Ab constituting the ref-
erence image A represented by one of the image data
sets inputted as the pair, and the distance is calculated
from the grayscale image of the selected colour and the
corresponding grayscale image of the colour of the
matching image B. Therefore, by calculating the distance
based on only the grayscale images of the colour that is
most appropriate for the distance calculation, the dis-
tance data can be calculated with high accuracy, and the
time necessary for the calculation can be shortened. At
this time, if reduction in the time necessary for the calcu-
lation is sought, the grayscale image of the colour that is
most appropriate therefor does not need to be selected.
[0069] Inthis embodiment, the image selection unit 15
carries out the calculation of the intensity level differenc-
es Dr, Dg, and Db, or the numbers Fr, Fg, and Fb of the
pixels having the predetermined intensity levels, or the
numbers Er, Eg, and Eb of the pixels corresponding to
the edges, or the numbers Nr, Ng, and Nb of the times
of edge intersection, only for the reference image A. How-
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ever, the present invention is not necessarily limited
thereto, and the calculation may be carried out for the
matching image B or for both the reference image A and
the matching image B.

[0070] In this embodiment, the colour images are im-
ages each comprising the grayscale images of R, G, and
B colours. However, the present invention is not neces-
sarily limited thereto, and can be applied to colourimages
each comprising grayscale images of a plurality of col-
ours such as 4 colours.

[0071] In addition, the image processing apparatus of
the present invention is an image processing apparatus
that generates a stereo image data set by calculating a
distance to a subject according to a pair of image data
sets each comprising grayscale images of a plurality of
colours and obtained by photographing the subject from
two viewpoints, and the apparatus comprises:

image input means for inputting the pair of image
data sets;

selection means for selecting the grayscale image
of one of the colours that is most appropriate for cal-
culating the distance to the subject among the gray-
scale images of the plurality of colours constituting
at least one of the inputted image data sets; and
distance calculation means for calculating the dis-
tance from the grayscale image of the colour select-
ed by the selection means and the grayscale image
of the colour in the other image data set.

[0072] An image processing apparatus 1-2 as a sec-
ond embodiment of the present invention will be de-
scribed below with reference to the accompanying draw-
ings. Figure 11 is a block diagram showing the functional
configuration of the image processing apparatus 1-2 in
the second embodiment. The same units as in the image
processing apparatus 1 in Figure 1, which is the block
diagram showing the function configuration thereof, have
the same reference numerals in Figure 11. Therefore,
detailed description thereof will be omitted, and only dif-
ferences from the first embodiment 1 will be described
below in detail.

[0073] Theimage processing apparatus 1-2 inthis em-
bodiment has a region division unit (image division
means) 22 as shown in Figure 11, which is one of the
differences from the image processing apparatus 1 inthe
firstembodiment. The region division unit 22 divides each
of the R, G, and B grayscale images Ar, Ag, and Ab of
the reference image A into a plurality of predetermined
regions.

[0074] In addition, an image selection unit 15-2 in this
embodiment selects one of the R, G, and B grayscale
images Ar, Ag, and Ab of the colour that is most appro-
priate for distance calculation, for each of the regions
divided by the region division unit 22.

[0075] The configuration of the image processing ap-
paratus 1-2 in this embodiment has been described
above. The image processing carried out by the image
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processing apparatus 1-2 will be described next. Figure
12 is a flow chart showing a flow of the image processing
by the image processing apparatus 1-2. Figures 13A to
13D are flow charts showing region division and image
selection processing carried out by the region division
unit 22 and the image selection unit 15-2. Figure 14
shows an example of a region division and image selec-
tion method carried out by the region division unit 22 and
the image selection unit 15-2.

[0076] As shown in Figure 12, the image input unit 10
of the image processing apparatus 1-2 inputs the pair of
image data sets representing the reference image A and
the matching image B (Step S51). The reading unit 14
reads the R grayscale image Ar, the G grayscale image
Ag, and the B grayscale image Ab constituting the refer-
ence image A and the R grayscale image Br, the G gray-
scale image Bg, and the B grayscale image Bb consti-
tuting the matching image B to read the pixel values as
the intensity levels (Step S52).

[0077] The region division unit 22 then carries out the
processing for division into the predetermined regions
having pixels representing an edge, and the image se-
lection unit 15-2 carries out image selection processing
in each of the predetermined regions for selecting the
grayscale image of one of the colours in which the edge
has been extracted (Step S53).

[0078] As shown in Figure 13A, in the region division
and image selection processing 1, edge extraction is car-
ried out in each of the R, G, and B grayscale images Ar,
Ag, and Ab of the reference image A (Step S60), and 0
is assigned to f and m for initialization thereof (Step S61).
The region division unit 22 then judges whether an edge
exists, at each of the pixels in each of the pixel rows (or
columns), in order of the grayscale images Ar, Ag, and
Ab, for example. More specifically, as shown in Figure
13A, whether an edge exists is firstly judged in the R
grayscale image Ar (Step S62). In the case where the R
grayscale image Ar has been judged to have an edge
(Step S62; YES), number n of the corresponding pixel is
stored (Step S63).

[0079] Whether m is 0O is then judged (Step S64). In
the case where m has been judged to be 0 (Step S64;
YES), the image selection unit 15-2 selects the R gray-
scale image Ar for the region starting from the pixel 1 at
one end of the pixel row to the pixel n (Step S65). There-
after, r is assigned to f (Step S66), and n is assigned to
m (Step S67).

[0080] Whetherthe pixel nis ata horizontal end is then
judged (Step S68). In the case where the pixel n has
been judged not to be at a horizontal end (Step S68; NO),
the processing target is moved in the horizontal direction
by one pixel (Step S69). The flow of processing then re-
turns to Step S62. In the case where the pixel n has been
judged to be at a horizontal end (Step S68; YES), the
flow of processing goes to Step S98 in Figure 13D, and
the processing from Step S98 is carried out.

[0081] Inthe case where m has been judged not to be
0 at Step S64 (Step S64; NO), judgment is made regard-

10

15

20

25

30

35

40

45

50

55

ing f (Step S70). In the case where f has been judged to
be r (Step S70; r), the image selection unit 15-2 selects
the R grayscale image Ar in the region to the pixel (n-m)
/2 (Step S71). In the case where f has been judged to be
g (Step S70; g), the image selection unit 15-2 selects the
G grayscale image Ag in the region to the pixel (n-m)/2
(Step S72). In the case where f has been judged to be b
(Step S70; b), the image selection unit 15-2 selects the
B grayscale image Ab in the region to the pixel (n-m)/2
(Step S73). The flow of processing then returns to Step
S66. At this time, decimals of (n-m)/2 is rounded up or
down so that the number (n-m)/2 becomes an integer.
[0082] Inthe case wherethe R grayscale image Ar has
been judged to have no edge at Step S62 (Step S62;
NO), whether the G grayscale image Ag has an edge is
then judged, as shown in Figure 13B (Step S74). In the
case where the G grayscale image has been judged to
have an edge, (Step S74; YES), the number n of the pixel
is stored (Step S75).

[0083] Whether m is O is then judged (Step S76). In
the case where m has been judged to be 0 (Step S76;
YES), the image selection unit 15-2 selects the G gray-
scale image Ag for the region starting from the pixel 1 to
the pixel n (Step S77). Thereafter, g is assigned to f (Step
S78). The processing from Step S79 to Step S81 in Fig-
ure 13B is the same as the processing from Step S67 to
Step S69 in Figure 13A. Furthermore, the processing
from Step S82 to Step S85 in Figure 13B is the same as
the processing from Step S70 to Step S73in Figure 13A.
Therefore, description of the processing will be omitted
here.

[0084] After the image selection unit 15-2 selects the
corresponding grayscale image at any one of Steps S83
to S85 in Figure 13B, the flow of processing goes to Step
S78.

[0085] In the case where the G grayscale image Ag
has been judged to have no edge at Step S74 (Step S74;
NO), whether the B grayscale image Ab has an edge is
then judged, as shown in Figure 13C (Step S86). In the
case where the B grayscale image has been judged to
have an edge, (Step S86; YES), the number n of the pixel
is stored (Step S87).

[0086] Whether m is O is then judged (Step S88). In
the case where m has been judged to be 0 (Step S88;
YES), the image selection unit 15-2 selects the B gray-
scale image Ab for the region starting from the pixel 1 to
the pixel n (Step S89). Thereafter, bis assigned to f (Step
S90). The processing from Step S91 to Step S93 in Fig-
ure 13C is the same as the processing from Step S67 to
Step S69 in Figure 13A. Furthermore, the processing
from Step S94 to Step S97 in Figure 13C is the same as
the processing from Step S70 to Step S73in Figure 13A.
Therefore, description of the processing will be omitted
here.

[0087] After the image selection unit 15-2 selects the
corresponding grayscale image at any one of Steps S95
to S97 in Figure 13C, the flow of processing goes to Step
S90.
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[0088] In the case where the processing target pixel
has been judged to be at a horizontal end at Steps S68,
S80 and S92 (Step S68, Step S80, Step S92; YES), the
flow of processing goes to Step S98 where judgment is
made regarding f, as shown in Figure 13D (Step S98).
In the case where f has been judged to be r (Step S98;
r), the image selection unit 15-2 selects the R grayscale
image Ar in the region to the pixel n (Step S99). In the
case where f has been judged to be g (Step S98; g), the
image selection unit 15-2 selects the G grayscale image
Ag in the region to the pixel n (Step S100). In the case
where f has been judged to be b (Step S98; b), the image
selection unit 15-2 selects the B grayscale image Ab in
the region to the pixel n (Step S101). The flow of process-
ing then goes to Step S102. At this time, decimals of (n-
m)/2 is rounded up or down so that the number (n-m)/2
becomes an integer.

[0089] Whether the processing target pixel is at a ver-
tical end is then judged (Step S102). In the case where
the target pixel has been judged not to be at a vertical
end (Step S102; NO), the target of processing is moved
in the vertical direction by one pixel (Step S103). The
flow of processing then goes to Step S61 in Figure 13A,
and the processing from Step S61 is repeated. In the
case where the target pixel has beenjudged to be located
at a vertical end (Step S102; YES), the region division
and image selection processing 1 is ended to go to Step
S54 in Figure 12.

[0090] More specifically, assume a pixel row shown by
each one-dot chain line in the grayscale images of Figure
14. In the case where judgment as to whether an edge
exists is carried out horizontally at each pixel in the row
in each of the grayscale images Ar, Ag, and Ab, an edge
is detected at a pixel number A in the R grayscale image
Ar. Therefore, the R grayscale image Ar is selected for
the region starting from the pixel 1 to the pixel A. There-
after, an edge is detected at a location of pixel number
B in the G grayscale image Ag. Therefore, a region
boundary is judged to be located at either the left or right
of a midpoint (B-A)/2 between the pixel number B and
the pixel number A where the previous edge has been
detected. Consequently, the grayscale image Ar is se-
lected for the region to the boundary.

[0091] Likewise, the grayscale image Ag is selected
for aregion to a boundary at either the left or right of pixel
number (D-C)/2. In the case where the processing target
hits a horizontal end, the grayscale image Ab is selected
for a remaining region. The processing described above
is carried out for all the pixel rows.

[0092] Generally speaking, corresponding points tend
to be easily detected near an edge, and a possibility of
improvement in accuracy of corresponding point detec-
tion, that is, accuracy of the subject becomes higher
there. Consequently, by selecting the grayscale image
of the colour wherein an edge has been detected for each
of the regions including the pixel representing the extract-
ed edge in the above manner, the grayscale image of
the colour to be selected can be changed for each of the
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regions divided according to the photographed subject.
Therefore, the distance data can be obtained with high
accuracy.

[0093] Second region division and image selection
processing 2 by the region division unit 22 and the image
selection unit 15-2 will be described next. Figures 15A
to 15D are flow charts of the second region division and
image selection processing 2. In Figures 15A to 15D, the
same processing as in the flow charts in Figures 13A to
13D has the same step numbers, and only steps that are
different from Figures 13A to 13D will be described in
detail.

[0094] Unlike the region division and image selection
processing 1, the region division unit 22 and the image
selection unit 15 detect pixels having predetermined in-
tensity levels C at predetermined intervals such as every
10 values (for example, L10, L20, L30, and so on) in each
of the R, G, and B grayscale images Ar, Ag, and Ab con-
stituting the reference image A, as shown in Figure 15A
(Step S60°). Thereafter, 0 is assigned to each of f, m, a,
p, and e for initialization thereof (Step S61’). The region
division unit 22 judges whether any one of the predeter-
mined intensity levels C appears at each of the pixels in
each of the pixel rows (or columns), in order of the gray-
scale images Ar, Ag, and Ab, for example. More specif-
ically, as shown in Figure 15A, whether any one of the
predetermined intensity levels C exists is firstly judged
in the R grayscale image Ar (Step S62’).

[0095] Inthe case where any one of the predetermined
intensity levels C has been judged to exist therein (Step
S62’; YES), whether a is c is judged (Step S163). In the
case where a has been judged not to be c (Step S163;
NO), the flow of processing goes to Step S63, and c is
assigned to a (Step S168) after the processing from S63
to S67 has been carried out as in Figure 13A. The flow
of processing then goes to Step S68.

[0096] Inthe case where a has been judged to be c at
Step S163 (Step S163; YES), and in the case where hone
of the predetermined intensity levels C has been judged
to exist at Step S62’ (Step S62'; NO), judgmentis carried
out as to whether the G grayscale image Ag has any one
of the predetermined intensity levels C, as shown in Fig-
ure 15B (Step S74').

[0097] Inthe case where any one of the predetermined
intensity levels C has been judged to exist (Step S74’;
YES), whether p = c is judged (Step S175). In the case
where p has been judged not to be ¢ (Step S175; NO),
the flow of processing goes to Step S75. After the
processing from Step S75 to Step S79 has been carried
outas in Figure 13B, c is assigned to p (Step S180). The
flow of processing then goes to Step S80.

[0098] Inthe case where p has been judged to be c at
Step S175 (Step S175; YES), andin the case where none
of the predetermined intensity levels C has been judged
to exist at Step S74’ (Step S74’; NO), whether any one
of the predetermined intensity levels C exists is judged
in the B grayscale image Ab as shown in Figure 15C
(Step S86).



19 EP 2 105 882 Al 20

[0099] Inthe case where any one of the predetermined
intensity levels C has been judged to exist (Step S86’;
YES), judgment is made as to whether e = ¢ (Step S187).
In the case where e has been judged not to be c (Step
S187; NO), the flow of processing goes to Step S87. After
the processing from Step S87 to Step S91 has been car-
ried out as in Figure 13C, c is assigned to e (Step S192).
The flow of processing goes to Step S92.

[0100] Inthe case where e has been judged to be c at
Step S187 (Step S187; YES), and in the case where none
of the predetermined intensity levels C has been judged
to exist at Step S86’ (Step S86’; NO), the flow of process-
ing goes to Step S92 as shown in Figure 15C.

[0101] In the case where the processing target pixel
has been judged to be at a horizontal end at any one of
Steps S68, S80, and S92 (Step S68, Step S80, Step S92;
YES), whether mis O is judged (Step S198). In the case
where m has been judged to be 0 (Step S198; YES), the
G grayscale image Ag is selected for all the pixels in the
pixel row (Step S199), and the flow of processing goes
to Step S102. At this time, the R grayscale image Ar or
the B grayscale image Ab may be selected for all the
pixels in the pixel row.

[0102] Inthe case where m has been judged not to be
0 at Step S198 (Step S198; NO), the flow of processing
goes to Step S98. The processing from Step S98 to Step
S103 is then carried out as in Figure 13D. The second
region division and image selection 2 is carried out in this
manner.

[0103] A grayscale image with frequent change in in-
tensity levels generally has a higher possibility of having
a characteristic that is necessary for distance calculation
than a grayscale image with little change in intensity lev-
els. In other words, corresponding points of an edge or
a region having a large intensity level gradient used for
distance calculation are points at which intensity levels
fluctuate. Therefore, a grayscale image having frequent
change in intensity levels has a higher possibility of hav-
ing intensity level distribution of more corresponding
points that are detectable. Consequently, by selecting
the grayscale image having frequent change in the in-
tensity levels for each of the regions in the above manner,
accuracy of detecting the corresponding points, that is,
accuracy of the subject can be improved, and the dis-
tance data can be obtained with high accuracy.

[0104] Thereafter, the image selection unit 15-2 se-
lects the grayscale image of one of the colours for each
of the regions divided by the region division unit 22 as
shown in Figure 12 (Step S53), and the distance calcu-
lation unit 16 calculates the distance to each part of the
subject based on the grayscale image of the colour se-
lected in each of the regions by the image selection unit
15-2 from the grayscale images of the reference image
A and the corresponding grayscale image of the match-
ing image B, as has been described above (Step S54).
[0105] Once the distance calculation unit 16 has ob-
tained the distance data by calculation of the distance
(Step S54), the data compression unit 17 compresses
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the calculated distance data, and the media control unit
18records the compressed distance data in the recording
medium 19 (Step S55) to end the image processing by
the image processing apparatus 1-2.

[0106] As has been described above, according to the
image processing apparatus 1-2 in this embodiment,
each of the R, G, and B grayscale images Ar, Ag, and
Ab of the reference image A represented by one of the
image data sets inputted as the pair is divided into the
predetermined regions, and the grayscale image of the
colour that is most appropriate for the distance calcula-
tion is selected for each of the predetermined regions in
the grayscale images Ar, Ag, and Ab. The distance is
then calculated for each of the predetermined regions
from the grayscale image of the selected colour and the
corresponding grayscale image of the colour of the
matching image B. Therefore, by calculating the distance
based on only the grayscale images of the colour that is
most appropriate for the distance calculation in each of
the predetermined regions, the distance data can be cal-
culated with high accuracy, and the time necessary for
the calculation can be shortened. At this time, if only re-
duction inthe time necessary for the calculationis sought,
the grayscale image of the colour thatis most appropriate
therefor does not need to be selected.

[0107] In this embodiment, the region division unit 22
carries out the region division only in the reference image
A, and the image selection unit 15-2 carries out the gray-
scale image selection for each of the divided regions.
However, the present invention is not necessarily limited
thereto, and the region division and the grayscale image
selection may be carried out on the matching image B or
on both the reference image A and the matchingimage B.
[0108] In this embodiment, the colour images are im-
ages each comprising the grayscale images of R, G, and
B colours. However, the present invention is not neces-
sarily limited thereto, and can be applied to colourimages
each comprising grayscale images of a plurality of col-
ours such as 4 colours.

[0109] Theimage processing apparatus of the present
invention is an image processing apparatus that gener-
ates a stereo image data set by calculating a distance to
a subject according to a pair of image data sets each
comprising grayscale images of a plurality of colours and
obtained by photographing the subject from two view-
points, and the apparatus comprises:

image input means for inputting the pair of image
data sets;

region division means for dividing into predeter-
mined regions the grayscale images of the colours
constituting at least one of the image data sets in the
inputted pair of image data sets;

selection means for selecting the grayscale image
or images of at least one of the colours as a portion
of the grayscale images of the plurality of colours,
for each of the predetermined regions divided by the
region division means; and
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distance calculation means for calculating the dis-
tance from the grayscale image or images of the col-
our or colours selected by the selection means and
the grayscale image or images of the colour or col-
ours in the other image data set.

[0110] An image processing apparatus 1-3 as a third
embodiment of the present invention will be described
below, with reference to the accompanying drawings.
Figure 16 is a block diagram showing the functional con-
figuration of the image processing apparatus 1-3 in the
third embodiment. In Figure 16, the same units as in Fig-
ure 1, which is the block diagram of the functional con-
figuration of the image processing 1 in the first embodi-
ment, have the same reference numerals, and detailed
description thereof will be omitted here. Only a difference
from the first embodiment will be described below in de-
tail.

[0111] As shown in Figure 16, the image processing
apparatus 1-3 in this embodiment has a distance calcu-
lation unit 16-3, which is the difference from the first em-
bodiment. The distance calculation unit 16-3 calculates
the distance to each part of the subject for all the pixels
in the R, G, and B grayscale images of the reference
image A and the matching image B read by the reading
unit 14. Although the distance calculation unit 16-3 in this
embodiment calculates the distance for all the pixels, the
pixels may be thinned and the distance calculation may
be carried out only in a region. The configuration of the
image processing apparatus 1-3 in this embodiment has
been described above. The image processing by the im-
age processing apparatus 1-3 will be described next. Fig-
ure 17 is aflow chart showing a flow of the image process-
ing by the image processing apparatus 1-3.

[0112] As shown in Figure 17, the image input unit 10
in the image processing apparatus 1-3 inputs the pair of
image data sets of the reference image A and the match-
ing image B (Step S110), and the reading unit 14 reads
the R, G, and B grayscale images Ar, Ag, and Ab of the
reference image A as well as the R, G, and B grayscale
images Br, Bg, and Bb of the matching image B, to read
the pixel values as the intensity levels thereof (Step
S111).

[0113] Regarding all the pixels, the distance calcula-
tion unit 16-3 calculates the distance to each part of the
subject, based on a pair of the R grayscale images Ar
and Br, a pair of the G grayscale images Ag and Bg, and
a pair of the B grayscale images Ab and Bb of the refer-
ence image A and the matching image B (Step S112).
[0114] Theimage selection unit 15 then carries outim-
age selection processing for selecting the grayscale im-
age of one of the colours that is most appropriate for the
distance calculation by the distance calculation unit 16-3,
from the R, G, and B grayscale images Ar, Ag, and Ab
of the reference image A (step S113). The image selec-
tion processing by the image selection unit 15 may be
the image selection processing 1, the image selection
processing 2, the image selection processing 3, or the
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image selection processing 4 carried out in the image
processing apparatus 1 in the first embodiment. There-
fore, detailed description thereof will be omitted.

[0115] After the grayscale image of one of the colours
has been selected from the grayscale images Ar, Ag, and
Ab by the image selection unit 15 (Step S113), the data
compression unit 17 compresses the distance data cal-
culated from the grayscale images of the reference image
A and the matching image B corresponding to the select-
ed colour, and the media control unit 18 records the com-
pressed distance data in the recording medium 19 (Step
S114). Inthis manner, the image processing by the image
processing apparatus 1-3 ends.

[0116] Ashas been described above, according to the
image processing apparatus 1-3 in this embodiment, the
reference image A and the matching image B are input-
ted, and the distance is calculated for all the pixels in the
reference image A and in the matching image B. The
grayscale image of one of the colours that is most ap-
propriate for distance calculation is then selected from
the grayscale images Ar, Ag and Ab of the reference
image A, and the distance data calculated from the pair
of grayscale images of the selected colour are recorded.
Therefore, by recording the distance data calculated from
the grayscale images of the colour that is most appropri-
ate for the distance calculation, the distance data can be
obtained with high accuracy.

[0117] Inthis embodiment, the image selection unit 15
selects the grayscale image regarding the reference im-
age A alone. However, the present invention is not nec-
essarily limited thereto, and the selection may be carried
outregarding the matching image B or both the reference
image A and the matching image B.

[0118] In this embodiment, the colour images are im-
ages each comprising the grayscale images of R, G, and
B colours. However, the present invention is not neces-
sarily limited thereto, and can be applied to colourimages
each comprising grayscale images of a plurality of col-
ours such as 4 colours.

[0119] Theimage processing apparatus of the present
invention is an image processing apparatus that gener-
ates a stereo image data set by calculating a distance to
a subject according to a pair of image data sets each
comprising grayscale images of a plurality of colours and
obtained by photographing the subject from two view-
points, and the apparatus comprises:

image input means for inputting the pair of image
data sets;

distance calculation means for calculating the dis-
tance at a plurality of pixels in each of the grayscale
images of the colours in the inputted pair of image
data sets;

selection means for selecting the grayscale image
or images of at least one of the colours as a portion
of the grayscale images of the plurality of colours
constituting at least one of the inputted image data
sets; and
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recording means for recording the distance data cal-
culated by the distance calculation means in the
grayscale image or images of the colour or colours
selected by the selection means.

[0120] Animage processing apparatus 1-4 as a fourth
embodiment of the present invention will be described
next with reference to the accompanying drawings. Fig-
ure 18 is a block diagram showing the functional config-
uration of the image processing apparatus 1-4 in the
fourth embodiment. In Figure 18, the same units as in
the block diagramin Figure 11, which is the block diagram
showing the functional configuration of the image
processing apparatus 1-2 in the second embodiment,
have the same reference numerals, and description
thereof will be omitted. Only a difference from the second
embodiment will be described below in detail.

[0121] Theimage processing apparatus 1-4 inthis em-
bodiment has a distance calculation unit 16-4 as shown
in Figure 18, which is the difference from the second em-
bodiment. The distance calculation unit 16-4 calculates
the distance to each part of the subject for all the pixels
in the R, G, and B grayscale images of the reference
image A and in the matching image B read by the reading
unit 14. Although the distance calculation unit 16-4 in this
embodiment calculates the distance for all the pixels, the
pixels may be thinned and the distance calculation may
be carried out only in a region. The configuration of the
image processing apparatus 1-4 in this embodiment has
been described above. The image processing by the im-
age processing apparatus 1-4 will be described next. Fig-
ure 19 is a flow chart showing a flow of image processing
by the image processing apparatus 1-4.

[0122] As shown in Figure 19, the image input unit 10
in the image processing apparatus 1-4 inputs the pair of
image data sets of the reference image A and the match-
ing image B (Step S120), and the reading unit 14 reads
the R, G, and B grayscale images Ar, Ag, and Ab of the
reference image A as well as the R, G, and B grayscale
images Br, Bg, and Bb of the matching image B, to read
the pixel values as the intensity levels thereof (Step
S121).

[0123] Regarding all the pixels, the distance calcula-
tion unit 16-4 calculates the distance to each part of the
subject, based on the pair of the R grayscale images Ar
and Br, the pair of the G grayscale images Ag and Bg,
and the pair of the B grayscale images Ab and Bb of the
reference image A and the matching image B (Step
S122).

[0124] The region division and image selection
processing is then carried out wherein the region division
unit 22 divides each of the R, G, and B grayscale images
Ar, Ag, and Ab of the reference image A into a plurality
of predetermined regions and the image selection unit
15-2 selects for each of the divided regions the grayscale
image of one of the colours that is most appropriate for
distance calculation from the grayscale images Ar, Ag,
and Ab (Step S123). The region division and image se-
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lection processing by the region division unit 22 and the
image selection unit 15-2 may be the same as the region
division and image selection processing 1 or 2 carried
out in the image processing apparatus 1-2 in the second
embodiment, and detailed description thereof will be
omitted.

[0125] After the image selection unit 15-2 selects one
of the grayscale images Ar, Ag, and Ab of the reference
image A for each of the predetermined regions (Step
S123), the data compression unit 17 compresses the dis-
tance data calculated from the grayscale images of the
selected colour of the reference image A and the match-
ing image B, and the media control unit 18 records the
compressed distance data in the recording medium 19
(Step S124). The image processing by the image
processing apparatus 1-4 ends in this manner.

[0126] Ashas been described above, according to the
image processing apparatus 1-4 in this embodiment, the
reference image A and the matching image B are input-
ted, and the distance is calculated for all the pixels in the
reference image A and in the matching image B. The R,
G, and B grayscale images Ar, Ag, and Ab of the refer-
ence image A are then divided into the plurality of pre-
determined regions, and the grayscale image of the col-
our that is most appropriate for distance calculation is
selected for each of the divided regions. The distance
data calculated from the pair of grayscale images of the
selected colour are thus recorded. Therefore, by record-
ing the distance data calculated from the grayscale im-
ages corresponding to the colour that is most appropriate
for distance calculation for each of the predetermined
regions, the distance data can be obtained with high ac-
curacy.

[0127] The image selection unit 15-2 in this embodi-
ment carries out the grayscale image selection regarding
the reference image A. However, the present invention
is not necessarily limited thereto, and the selection may
be carried out on the matching image B or both the ref-
erence image A and the matching image B.

[0128] In this embodiment, the colour images are im-
ages each comprising the grayscale images of R, G, and
B colours. However, the present invention is not neces-
sarily limited thereto, and can be applied to colour images
each comprising grayscale images of a plurality of col-
ours such as 4 colours.

[0129] Theimage processing apparatus of the present
invention is an image processing apparatus that gener-
ates a stereo image data set by calculating a distance to
a subject according to a pair of image data sets each
comprising grayscale images of a plurality of colours and
obtained by photographing the subject from two view-
points, and the apparatus comprises:

image input means for inputting the pair of image
data sets;

distance calculation means for calculating the dis-
tance at a plurality of pixels in each of the grayscale
images of the colours in the inputted pair of image
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data sets;

region division means for dividing into predeter-
mined regions the grayscale images of the colours
constituting at least one of the image data sets in the
inputted pair of image data sets;

selection means for selecting the grayscale image
or images of at least one of the colours as a portion
of the grayscale images of the plurality of colours,
for each of the regions divided by the region division
means; and

recording means for recording the distance data cal-
culated by the distance calculation means in the
grayscale image or images of the colour or colours
selected by the selection means.

[0130] Examples of the configuration of the image in-
put unit 10 in the above embodiments are shown in block
diagrams in Figures 20 and 21. The image input unit 10
in the above embodiments inputs at least two sets of
image data as parallax images photographed from dif-
ferent viewpoints. The image input unit 10 may input im-
age data sets obtained by photography with a single cam-
era whose viewpoint is changed sequentially, for exam-
ple.

[0131] As shown in Figure 20, the image input unit 10
may be a multiple-lens camera 10 having at least two
imaging systems, that is, at least two lenses at different
viewpoints and comprising two optical systems 10a-1
and 10a-2 having photography lenses and the like, im-
aging devices such as CCDs comprising imaging devices
10b-1r and 10b-2r for R, imaging devices 10b-1g and
10b-2g for G, and imaging devices 10b-1b and 10b-2b
for B, A/D conversion units 10c-1r and 10c-2r for R, A/D
conversion units 10c-1g and 10c-2g for G, and A/D con-
version units 10c-1b and 10c-2b for B. In this case, the
imaging systems have a multiple-plane configuration. In
this configuration, the two optical systems are used, and
the imaging devices are positioned according to optical
axes of the respective systems. A signal outputted from
each of the devices is then subjected to signal processing
to finally obtain one output signal of a photographed im-
age from each of the system. In such a multiple-lens cam-
era, the parallax images photographed at substantially
the same time can be obtained.

[0132] Alternatively, as shown in Figure 21, the image
input unit 10 may comprise two cameras 10A and 10B.
Like the multiple-lens camera described above, the cam-
era 10A has the optical system 10a-1, the imaging device
10b-1r for R, the imaging device 10b-1g for G, the imag-
ing device 10b-1b for B, the A/D conversion unit 10c-1r
for R, the A/D conversion unit 10c-1g for G, and the A/D
conversion unit 10c-1b for B. Likewise, the camera 10B
has the optical system 10a-2, the imaging device 10b-2r
for R, the imaging device 10b-2g for G, the imaging de-
vice 10b-2b for B, the A/D conversion unit 10c-2r for R,
the A/D conversion unit 10c-2g for G, and the A/D con-
version unit 10c-2b for B. In this case, the cameras 10A
and 10B are installed at positions where photography
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can be carried out from different viewpoints. The image
input unit 10 may also comprise two or more cameras.
[0133] The image input unit 10 shown in Figure 20 or
Figure 21 inputs the image data sets of the parallax im-
ages it obtained, at Step S1 in Figure 2, or at Step S51
in Figure 12, or at Step S110 in Figure 17, or at Step
S120 in Figure 19.

[0134] The image processing apparatuses of the
present invention are not necessarily limited to the image
processing apparatuses described in the above embod-
iments, and the design thereof can be changed appro-
priately within the scope of the present invention.

Claims

1. An image processing apparatus that generates a
stereo image data set by calculating a distance to a
subject according to a pair of image data sets each
comprising grayscale images of a plurality of colours
and obtained by photographing the subject from two
viewpoints, the apparatus comprising:

image input means (10) for inputting the pair of
image data sets;

selection means (15) for selecting the grayscale
image of one of the colours that is most appro-
priate for calculating the distance among the
grayscale images of the plurality of colours con-
stituting at least one of the inputted image data
sets; and

distance calculation means (16) for calculating
the distance, based on the grayscale image of
the colour selected by the selection means and
the grayscale image of the colour in the other
image data set.

2. Theimage processing apparatus according to Claim
1, wherein the selection means (15) calculates a dif-
ference between a maximum intensity level and a
minimum intensity level in each of the grayscale im-
ages of the colours and selects the grayscale image
having a largest value of the intensity level differ-
ence.

3. Theimage processing apparatus according to Claim
1, the selection means (15) calculating the number
of pixels having predetermined intensity levels at
predetermined intervals in each of the grayscale im-
ages of the colours and selecting the grayscale im-
age having a largest number of the pixels having
been calculated, or the selection means (15) extract-
ing an edge in each of the grayscale images of the
colours, calculating the number of pixels of the ex-
tracted edge, and selecting the grayscale image hav-
ing a largest number of the pixels having been cal-
culated.
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The image processing apparatus according to Claim
3, wherein the selection means (15) calculates the
number of the pixels in each pixel row or pixel column
at predetermined intervals.

The image processing apparatus according to Claim
1, wherein the selection means (15) extracts an edge
in each of the grayscale images of the colours, cal-
culates how many times pixel rows or pixel columns
at predetermined intervals intersect with the edge,
and selects the grayscale image having a largest
number of the times.

The image processing apparatus according to any
one of Claims 1 to 5, wherein the image input means
(10) comprises two cameras (10A, 10B).

The image processing apparatus according to any
one of Claims 1 to 5, wherein the image input means
(10) comprises a multiple-lens camera (10) having
two optical systems (10a-1, 10a-2).

The image processing apparatus according to Claim
7,whereinthe multiple-lens camera (10) hasimaging
systems of multiple-plane configuration.

Animage processing method that generates a stereo
image data set by calculating a distance to a subject
according to a pair of image data sets each compris-
ing grayscale images of a plurality of colours and
obtained by photographing the subject from two
viewpoints, the method comprising the steps of:

inputting the pair of image data sets;

selecting the grayscale image of one of the col-
ours that is most appropriate for calculating the
distance among the grayscale images of the plu-
rality of colours constituting at least one of the
inputted image data sets; and

calculating the distance, based on the grayscale
image of the selected colour and the grayscale
image of the colour in the other image data set.

An image processing program that causes a com-
puter to execute generation of a stereo image data
set by calculating a distance to a subject according
to a pair of image data sets each comprising gray-
scale images of a plurality of colours and obtained
by photographing the subject from two viewpoints,
the program comprising the procedures of:

inputting the pair of image data sets;

selecting the grayscale image of one of the col-
ours that is most appropriate for calculating the
distance among the grayscale images of the plu-
rality of colours constituting at least one of the
inputted image data sets; and

calculating the distance, based on the grayscale
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image of the selected colour and the grayscale
image of the colour in the other image data set.
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